Extracellular signal-regulated kinase1/2 activated by fluid shear stress promotes osteogenic differentiation of human bone marrow-derived mesenchymal stem cells through novel signaling pathways.
It is a classical signaling pathway that the activation of extracellular signal-regulated kinase1/2 (ERK1/2) results in the phosphorylation of runt-related transcription factor 2 (Runx2) and thereby initiates the transcription of osteogenic genes. Recently, it is found that the activation of ERK1/2 resulted from fluid shear stress (FSS) also increased the expression of Runx2 and β1 integrins, and finally enhanced osteogenic differentiation. However, it has been remained largely unknown how ERK1/2 regulates the expression of Runx2 and β1 integrins. We use the perfusion culture system to produce FSS exerting on human bone marrow-derived mesenchymal stem cells (hMSCs) and thus activate ERK1/2. Our study demonstrated that FSS-activated ERK1/2 mediated the expression of osteogenic genes via two novel signaling pathways except for the classical signaling pathway: feedback up-regulation of β1 integrins expression via activating nuclear factor kappa B (NF-κB), and activation of bone morphogenesis proteins (BMPs)/mothers against decapentaplegic (Smad) pathway via activating NF-κB and thereby regulating Runx2 expression. These signaling pathways combined with the classical signaling pathway, with ERK1/2 as a hub node molecule, form a molecular signaling cross-talking network to induce the osteogenic differentiation of hMSCs. The understanding on the mechanism of FSS inducing the osteogenic differentiation of hMSCs will not only be helpful to develop the bone tissue engineering but also provide new targets for drug discovery for treatment of osteoporosis and other related bone-wasting diseases.